Background: Recent studies have explored the influence of socioeconomic inequalities on the diet quality. However, there is lack of evidence regarding the level of inequalities in dietary quality and its main contributing factors from population-based follow-up studies. The primary objective of this study was to investigate the level and the determinants of inequalities in diet quality in a representative sample of adolescents, adults and older adults resident in São Paulo, Brazil. Methods: Data from the Health Survey of São Paulo (ISA-Capital) were analyzed for 2003 (n = 2398), 2008 (n = 1662) and 2015 (n = 1742) surveys. Information on food consumption was obtained through 24-h dietary recall, and diet quality was assessed based on the Revised Brazilian Healthy Eating Index (BHEI-R). The descriptive variables were compared using 95% confidence interval. The scores of BHEI-R and its components were compared across age groups and year. The association between socioeconomic inequalities and diet quality was based on the estimation of concentration index. Results: We observed that the BHEI-R scores gradually improved over 12-years, with older adults showing the greatest improvement. The increase in overall population score was observed for total fruits, whole fruits, whole grains, oils and sodium. The main contributor to socioeconomic inequality in diet quality in 2003 was ethnic group, and in 2008 and 2015, it was per capita household income; age was a persistent factor of inequality in the population over the years. Concentration indices indicated that lower income individuals had higher BHEI-R scores in 2003; however, there was a shift in favor of higher income individuals in 2008 and 2015. Conclusions: Changes in the patterns of determination of inequalities according to age, ethnic group or income during the period analyzed show the existence of ongoing process of contribution of demographic and socioeconomic factors in the diet quality of individuals in a large urban center.
Background
Diet quality is a modifiable risk factor that influences the development of chronic diseases such as obesity, type 2 diabetes mellitus, and cardiovascular diseases [1, 2] . It contributes to inequalities in health and, at the same time, is influenced by socioeconomic inequalities, such as access to education and health services, which in turn are associated with living conditions, such as income, occupation and educational attainment [1, [3] [4] [5] .
The investigation of socioeconomic and demographic factors related to diet quality in the context of socioeconomic determinants of health has been explored in recent studies [6] [7] [8] [9] . However, there is still no evidence regarding the level of inequality in the diet quality in population-based follow-up studies, neither is there analysis of the factors contributing to the inequalities.
Studies that assess factors associated with inequalities of health status or access to and use of health services have used the research methodology of the determinants of income inequalities [10] [11] [12] . Therefore, the present study proposes and aim to employ such methodology to investigate level and the determinants of inequalities in diet quality and their magnitude in a representative sample of residents in São Paulo city, Brazil, in 2003, 2008 and 2015 . This makes it the first Brazilian study to investigate the evolution and the determinants of inequalities in diet quality at the population level.
Methods
Data from three cross-sectional samples of individuals from São Paulo city, interviewed in the Health Survey of São Paulo (ISA-Capital) conducted in 2003, 2008 and 2015 , was used to perform the analysis. ISA-Capital is an observational study with a probabilistic sample of individuals living in the urban area of São Paulo (SP). São Paulo is the largest city in South America, representing roughly 6% of Brazilian population and 10% of Brazilian Gross Domestic Product (GDP), according to the Brazilian Institute of Geography and Statistics (IBGE). São Paulo's economy is predominantly based on commercial and financial activities, being the city with the 10th largest GDP in the world.
The selection process was based in two-stage cluster sampling stratified by conglomerates (urban census tracts and households), in order to ensure representativeness at population level. Details of the 2003, 2008 and 2015 surveys, including the sampling design and the sample size calculation, were previously published [13] [14] [15] . The samples of the present study included participants residing in São Paulo aged 12 years or older, of both sexes, in the three years of the study (Fig. 1) .
The study considered the definitions of World Health Organization (WHO) and Brazilian Statute for Children and Adolescents to categorize the age range due to constraints imposed within Brazilian laws; thus, adolescents were considered individuals aged between 12 and 19; adults were considered individuals aged between 20 and 59; and elderly were considered individuals aged over 60 years.
The information was collected at the participants households by trained interviewers, using a socioeconomic questionnaire structured in thematic blocks. Food consumption information was obtained from a 24-h dietary recall (24HR), during a face-to-face interview, following the procedures of the Multiple Pass Method (MPM), in which five sequential steps are applied: quick list, forgotten foods list, time and occasion, detail and review, and final probe of the recall, in order to increase the response rate and maintain the attention of the respondent [16] .
Food consumption data were entered into the Nutrition Data System for Research 2014 (NDSR) software, following the standardization of food quantities in grams or milliliters [17, 18] . All 24HRs whose energy consumption were lower than 800 kcal or higher than 4000 kcal were verified to guarantee quality of the information.
Diet quality was evaluated based on calculation of the Revised Brazilian Healthy Eating Index (BHEI-R) [19] , which includes 12 components: nine food groups (total fruit, whole fruit, total vegetables, dark green and orange vegetables and legumes, whole grains, milk and dairy products, meats, eggs and legumes, oils), two nutrients (saturated fat, sodium) and a component related to the consumption of total calories from solid fat, alcohol and added sugar (SoFAAS). The final BHEI-R score ranged from 0 to 100, with 0 being a very poor diet and 100 being an excellent diet.
Variables selected for the analysis of determinants of inequalities in diet quality included: age (12 to 19 years, 20 to 59 years or 60 years or more); sex (male or female); ethnic group (white or non-white: black, grayish-brown, yellow and indigenous); individual education (less than or equal to 4 years, 5 to 9 years, 10 to 12 years or 12 years or more); occupation (employed or unemployed, being included in the second category those effectively unemployed, and also students, housewives and retired individuals); household income per capita in adult equivalents (equals to the total household income, divided by the number of adult-equivalent individuals in the family: less than or equal to 1 minimum wage, or greater than 1 minimum wage); type of residence (house, apartment, shed or house of rooms); marital status (with or without partner); health insurance (yes or no); chronic diseases (presence or absence); physical activity level (minutes per day, according to WHO global recommendation) [20] ; smoking habits (non-smoker, former smoker or current smoker); alcohol consumption (yes or no) and components of BHEI-R (being statistically significant in determination of socioeconomic inequalities: sodium and whole grains).
Data analysis was carried out on the Stata Data Analysis and Statistical Software (version 13) in survey mode, considering the complex sample design for selection of the strata (urban census tracts) at geographical level, followed by selection of household (primary sampling unit), using sampling weights for expansion of the representativeness at populational level in São Paulo city.
Unregistered variables were encoded as missings. Qualitative variables were described as frequency, percentage and 95% confidence interval and quantitative variables as average and standard error. Test of adherence to the normal distribution curve (Shapiro-Wilk) for BHEI-R and its respective components was performed. As the variables did not present normal distribution, the non-parametric Kruskal-Wallis test was applied, complemented by the nptrend test, considering the descriptive level of p < 0.05.
The estimation of household income per capita in adult equivalents, used for fractional classification of the individuals of the sample according to socioeconomic status in the population, was derived from the following equation:
With: Ah = number of adult individuals (older than 14 years of age) in the household h; and Kh = number of individuals aged less than 14 years at home h. The parameters Φ and θ are set at 0.75, according to Deaton's original weight proposal (1997) [21] , in order to avoid underestimation of income effects based on the adoption of household income per capita, due to the lower requirements attributable to younger individuals in the domestic unit.
The analysis of inequality in diet quality among individuals in the population was based on the estimation of the concentration index (CI), detailed in previous study [22] , using the following equation:
With: μ = mean of y (dependent variable: BHEI-R); Ri = fractional classification of the i-th individual in the income distribution (accumulated income of the i-th individual, in a population with N individuals); N = sample size.
The CI represents an inequality index which allows identification of income-related inequality in the diet quality of individuals. The analysis focuses on quality of food consumption among individuals with diverse economic status in Brazil, using the BHEI-R as measure of diet quality.
In order to identify the main determinants of diet inequality, the estimation of multiple linear regressions with dependent variable based on the concentration index of dietary quality was performed against independent variables representing individual characteristics (sex, age, ethnic group, physical activity, alcohol consumption, smoking habits, diet quality components sodium and whole grains, and chronic disease) and external factors (per capita household income, education, occupation, marital status, type of residence and health insurance), at a descriptive level of p < 0.05, using the following equation:
Where y is a vector of CI in diet quality, matrix x includes a set of variables of individual characteristics and matrix w includes other independent variables associated with external factors. The dependent variable (y) describes differences in diet quality according to socioeconomic status of the individuals, and the coefficients (βk) of the multiple linear regression models are estimated against individual's characteristics (x) and other factors that determine the diet quality (w). Matrix x includes gender, age group, ethnic group, health behaviors, and educational attainment to measure the influence of personal features in diet quality; whilst matrix w includes external factors affecting diet quality: household income per capita in adult equivalents, occupation status, marital status, and type of residence. Variables included in the regressions were tested for multicollinearity and all the variance inflation factors (VIF) values were lower than 10, indicating that there is not multicollinearity.
Thus, the analysis pursued the identification of patterns in evolution and determinants in CI which was calculated to represent an index measuring inequality in diet quality (represented by BHEI-R) according to the socioeconomic position of the individuals (represented by household income per capita in adult equivalents) in comparison to the total population.
The concentration index and the regression models were estimated with and without adolescents, in order to verify potential problems regarding the inclusion of variables referring to educational attainment, occupation, marital status, alcohol consumption and smoking habit; nevertheless, results obtained in the analysis of adult population were very similar in relation to evolution and determinants of diet quality of the whole population in the study.
The individuals interviewed in the three surveys were informed about the purposes of the research, and were asked to sign a consent form to voluntarily accept to participate in the research. Both the original research projects of the ISA and the present study were approved by the Ethics Committee of the School of Public Health at the University of São Paulo.
Results
There were significant changes in the population of the São Paulo city during the 12-year period encompassed by the surveys (Table 1 ). In 2008, the proportion of individuals with education of 10 to 12 years, with income less than/equal to a minimum wage, living at home and with presence of chronic disease was higher than in 2003. In 2015, compared to 2003, there was a higher proportion of older adults, of people without partners, unemployed, with education from 5 to 9 years, living in a house of rooms, not consuming alcohol and with chronic disease.
There was a gradual improvement in diet quality of São Paulo residents in 12 years, with the BHEI-R score departing from 54 There was a gradual improvement in diet quality of adults and older adults, and the older had better overall scores in all periods (Table 2) .
Increases in diet quality scores were observed for the following components: total fruits, whole fruits, whole grains, oils and sodium; there was a reduction followed by an increase in the score of total grain and calories from solid fat, alcohol and added sugar (SoFAAS).
Adolescents presented an increase in the score for the whole grains component between 2003 and 2008, maintaining in 2015. Adults showed an increase between 2003 and 2008, followed by reduction in 2015 in the scores for DGOV&L and meats, eggs and legumes. Older adults had a reduction in the saturated fat and SoFAAS scores. The scores for total fruits, whole fruits, whole grains and sodium showed increases for all age groups over the years. The other components did not present significant differences ( Table 2 ).
Considering that the concentration index of the diet quality in São Paulo population was negative in 2003, we identified better diet quality among individuals of lower income; however, the situation was reversed in 2008 and 2015, resulting in a positive concentration index; representing better diet quality among individuals with higher income in the most recent periods (Table 3 ). In sum, socioeconomic inequalities determining diet quality initially benefited individuals with lower income in 2003 and, in recent years, individuals with higher income.
The results from the determinants of inequalities in diet quality presented statistically significant variables in linear regression models (Table 3) . Factors presented positive of the main axis contribute to increasing inequalities in diet quality in favor of individuals with higher income, while negative factors of the main axis contribute to reducing inequalities in diet quality in favor of individuals with lower income (Fig. 2) . The main contributor to inequality in diet quality in 2003 was ethnic group; in 2008 and 2015 it was per capita household income (in minimum wages).
Discussion
The BHEI-R showed a gradual improvement in the period of 12-years among individuals living in the city of São Paulo, and older adults were the age group with the best scores. The main contributors to inequality in diet quality were ethnic group, per capita household income and age. Concentration indices showed that individuals with lower income had higher BHEI-R scores in 2003; however, there was a change in favor of individuals with higher income during 2008 and 2015.
Age is an important factor in determining persistent socioeconomic inequalities in diet quality throughout the surveys analyzed. Although age contributed to increasing inequalities in 2003 and 2015, especially among the poorest, it became a factor contributing to reducing inequalities in 2008.
Adolescents presented poorer diet quality in comparison to other age groups, while older adults had better diet quality over the years. There are several contributing factors for adolescents to remain in this poor nutritional condition [23, 24] . Scientific evidences have shown that adolescents, including Brazilians, with poor diet quality had lower consumption of fiber food sources; increased intake of carbohydrates, fats and foods rich in sugar, salt and fat and high-calorie beverages; lower frequency of breakfast consumption and lower level of physical activity ; in NHANES, older adults presented better diet quality than young and middle-aged adults [27] . In Brazil, a study conducted among residents of Campinas (São Paulo state) using BHEI-R indicated a progressive increase in the diet quality score simultaneously to the increase in the age of participants [28] . Improvements in diet quality throughout the period analyzed were identified in different age groups, except among adolescents, who had a small reduction in diet quality in 2008. Despite the increase in consumption of total fruit, whole fruit, whole grain and sodium for adolescents, scores obtained are still lower than those identified among adults and older adults. A study evaluating the adherence to a healthy lifestyle among residents of São Paulo city indicated that adolescents have a worse lifestyle, mainly in relation to noncompliance in relation to nutritional recommendations, as measured by BHEI-R [29] .
Older adults had higher BHEI-R scores, especially with respect to the higher consumption of total fruits, whole fruits and whole grains. In a cross-sectional population-based study conducted among older adults from Campinas city, a similar trend was observed [30] . Despite having better scores when compared with adolescents and adults, older adults presented reduction in diet quality along the period regarding scores of saturated fat and SoFAAS.
In despite of the general trends in improvement of general diet quality during the period analyzed in the present study, there is still need for changes in the diets of the individuals living in São Paulo city, considering that scores are still below those corresponding to optimal diet quality. Similarly, studies conducted using data from NHANES (1999 to 2000 and 2009 to 2010) and information from population in 187 countries (between 1990 and 2010) suggest that improvements in diet quality identified over time in diverse countries were still insufficient to establish healthy diets [31, 32] . The objective of including diet quality components in the regressions analyses was to highlight the role of socioeconomic inequalities related to dietary quality derived from certain items in usual food consumption; nevertheless, the only items which presented statistical significance was sodium and whole grains; therefore, the other items were excluded from the regressions.
Sodium intake decreased along the period in all age groups; however, the score needs further improvements to reach ideal sodium intake. Changes in sodium intake have also been observed in a previous study among residents of São Paulo city, comparing data from 2003 and 2008 [33] , and the present study shows that this trend continued in 2015. In contrast to the data observed for the population of São Paulo, a study on diet quality trends among Americans (1999-2012) observed reduction in the score referring to sodium intake, indicating an increase in diet sodium consumption in the United States [34] . Nevertheless, a study conducted in 187 countries, including Brazil (1990 Brazil ( to 2010 , identified that the level of sodium consumed by Brazilians was higher than other Latin American countries, United States, and Canada, exceeding nutritional recommendations [35] .
Increased scores were also identified for the components fruits and whole grains throughout the population over the analyzed period. The WHO recommends increasing consumption of these types of foods, due to its contribution to a good diet quality and its association with lower body weight gain; being the ideal consumption of fruits and vegetables 400 g/day [36] . The average consumption of these foods increased from 215.4 g/day in 2003 to 273 g/day in 2015.
Regarding the whole grains component, it contributed significantly to the generation of inequalities in diet quality, since older individuals usually consume higher amounts of whole grains and have higher socioeconomic status in comparison to other age groups in the present study [37] .
Income was the main determinant of inequalities from 2008 onwards, replacing the effect of ethnic group in 2003, which indicates changes in the importance of household income during recent years in Brazil. One possible explanation for this finding is the economic crisis occurring in the period, which resulted in higher unemployment rates and reduced household income between individuals from various demographic groups, increasing the impact of income on household consumption decisions. Considering that the Since the mid-2000s, Brazil has undergone an important economic slowdown [38] . Such a setback in the economy has impacted household income. According to studies based on data of government revenues derived from income tax from the Brazilian Ministry of Finances during the period from 2006 until 2012, complemented by data from the National Household Sample Survey (NHSS) from 2001 until 2015, income inequalities in Brazil did not display significant reductions over the last decades, despite fluctuations in national income and employment levels; however, recent increases in unemployment rates have affected household consumption decisions [39, 40] .
In Latin America and Caribbean countries, ethnic minority groups such as afro-descendant (black and grayish-brown ethnicities) and indigenous groups, still show important social differences and disadvantages compared to white population, observed in lower levels of education, lower average income, higher poverty rates and discrimination in the labor market. They are directly linked to health inequalities, which reflects poorer health conditions for these groups [41] . These ethnic minority groups also present dietary disparities and consequently differences in dietary intake and dietary patterns, resulting in poorer diet quality and lower health outcomes in relation to whites (diets highest in fat and salt and lower in fruits, vegetables and whole grains) [42] . However, disparities are often defined based on ethnicity, factors contributing to disparities may be more associated with socioeconomic level [42] .
The relationship between socioeconomic level and ethnicity in the context of diet quality was demonstrated in a study that indicated a higher proportion of individuals with higher diet quality in high socioeconomic level groups and white [43] . In addition, it was observed that factors interfering with food choice, such as convenience, safety, nutrition, and price, are more frequently mentioned as barriers to healthy food consumption between African Americans, when compared to whites [44] . In the present study, individuals from black, grayish-brown and indigene ethnicities had higher impact from socioeconomic inequalities on diet quality in comparison to white individuals, and the yellow ethnicity had no statistical significance in the estimated models.
The evolution of the diet quality of São Paulo city residents showed improvements throughout the 12-years investigated in the present study, and inequalities identified among individuals with different income levels showed that poorer individuals had better diet quality in 2003. However, there was a change in diet quality in favor of individuals with higher income in 2008, and the scenario was maintained in 2015.
Income has been identified as one of the most important factors related to food insecurity [45] . However, while some studies suggest that there is a social gradient in diet quality in favor of individuals with higher income or higher level of education [46] [47] [48] [49] [50] , others point out that higher income does not necessarily contribute to healthy food consumption and consequent better diet quality [51, 52] . Divergences in the literature are attributable to differences in the units of comparison [53] : healthier diets with lower caloric value present higher costs per calorie, but the diet cost is not higher if portions or meal sizes are considered as measurement units [53] .
The present study has some limitations. The BHEI-R calculation was based on the food consumption based on one 24HR, which does not reflect habitual food consumption, or variations in food consumption day-by-day. However, the National Cancer Institute indicates that the use of one 24HR measure is appropriate in the context of studies directed to estimate the usual dietary intake of population groups or differences in usual dietary intake between two or more population groups, considering different days in the week and seasons, as done in the present study [54] . Another limitation was the use of reported household income, due to potential underreporting, especially among the richest individuals. This underreporting may result in higher levels of inequality in income distribution in comparison to actual income distribution [22] . Despite this, referred household income is widely used in national and international surveys, including studies using the income-related inequality approach [55, 56] .
This study was designed to comprise complementary data analysis of information collected during ISA 2003 and ISA 2008, including data from the 2015 Health Survey of São Paulo city, i.e., identifying trends in diet quality of urban population in Brazil. The investigation results are based on population-level survey with representative sample of residents of São Paulo city, the largest Brazilian city (corresponding to approximately 10% of the national population), which guarantees internal validity of the study and minimizes selection bias. The methodology applied in the three surveys, as well as the use of sample design and weights, allows comparisons among different periods. Additionally, it is important to point out that the analysis performed in the present study is a useful tool for the investigation of individual characteristics and external factors generating socioeconomic inequalities that influence diet quality from individuals in different socioeconomic groups in any population [22] .
Conclusions
The present study identified improvements in the diet quality of individuals living in São Paulo city between 2003 and 2015, especially among older adults; however, the BHEI-R scores still do not reach the nutritional recommendations.
We highlight the need for public policies and interventions in food and nutrition directed to younger individuals, given the poor quality of food consumption among adolescents in the sample. In addition, it is important to notice that changes in the patterns of determination of inequalities according to age, ethnic group or per capita household income during the period analyzed showed the existence of ongoing process of contribution of demographic and socioeconomic factors in the diet quality of individuals living in a large urban center over the years. The social gradient initially identified in diet quality, favoring lower income individuals in 2003, was diluted over time as result of the economic crisis in the country, gradually favoring individuals with higher income and establishing a reverse social determination of diet quality among the population living in São Paulo city. 
